Levels of allozyme variation are compared between a diploid invasive plant species, Lonicera japonica Thunb. (2n = 18) and its polyploid native congener, Lonicera sempervirens L. (2 n =36). Both are woody perennials and were sampled within the native range of L. sempervirens in the south-eastern United States where L. japonica has been an invader since the late 19th century. Genetic structure and allozyme diversity were determined for nine and ten populations of L.
Introduction
Studies of invasive plant species (sensu Mack, 1985) have often involved a search for generalizations about these species' life history and genetic characteristics (Baker, 1974 (Baker, , 1986 . However, several comprehensive syntheses (see Barrett & Richardson, 1986; Gray, 1986; Barrett & Shore, 1989; Warwick, 1990 ) have revealed few discernible patterns. Their detection may be hampered, however, by comparisons among invasive species with different modes of reproduction and habits or that occur in different successional stages or in new ranges. This current dilemma is illustrated by the lack of consensus regarding the relation of genetic variability to the invasive ability of plants, i.e. some invasive species maintain low levels of genetic variation whereas others are highly variable (Barrett & Richardson, 1986) . Alternatively, grouping species by life history traits and geographical range has been successful in detecting associations between genetic diversity and life history characteristics for plant *Correspondence: Department of Biology, California State University, Fresno, CA 93740, U.S.A.
1995 The Genetical Society of Great Britain. species in general (Hamrick et a!., 1979; Loveless & Hamrick, 1984; Hamrick eta!., 1992) .
Thus, first categorizing invasive species by life history traits and then looking for patterns through the comparison of taxonomically related noninvasive species may provide new insight. For example, invasive species with low levels of allozyme diversity often share life history traits, e.g. inbreeding and polyploidy (Warwick, 1990) or the annual habit with selfing breeding systems (Barrett & Richardson, 1986) .
We examined the genetic structure and diversity of two perennial Lonicera (Caprifoliaceae) congeners, one an aggressive invader and the other a common but noninvasive native. These honeysuckles are the diploid (2n = 18) Lonicera japonica Thunb., native to temperate eastern Asia, and the tetraploid (2 n =36) L. sempervirens L., native to the eastern United States. Lonicera japonica was introduced as an ornamental in the early to mid-l9th century (exact date undocumented); its rapid spread was noted in southwest Virginia in 1892, Florida in 1897 and Athens, Georgia in 1900 (Leatherman, 1955) . Lonicera sempervirens is far more widespread than its native congeners in North America and may be considered a colonizer (Radford et a!., 1968 Lonicera japonica and L. sempervirens now occur sympatrically in the southeastern United States; both outcross and also persist clonally to an unknown extent. Although these bird-dispersed species (Snow & Snow, 1988) are common in mid-successional sites, the blanket-like clonal growth of L. japonica contributes to its local influence in the reduction of species diversity and alteration of successional patterns (Oosting, 1942; Slezak, 1976; Sasek, 1983) . Both L. japonica and L.
sempervirens have similar photosynthetic rates (Schierenbeck, 1992) but different patterns of biomass allocation, both spatially and temporally (Sasek & Strain, 1991; Schierenbeck, 1992) .
Natural hybrids between subgenera in Lonicera are unknown, and no seeds have been obtained following artificial pollination (Sax & Kribs, 1930) . We also found no evidence for hybridization between L. japonica (subgenus Chamaecerasus) and L. sempervirens (subgenus Pericylmenum).
Comparing a native species growing sympatrically with an invasive congener has been suggested as a means of detecting the attributes that characterize invasive species (Baker, 1965) . Lonicera japonica and L. sempervirens provide a good basis for such a comparison, given their similarities in taxonomy, habitat, successional role, growth form, dispersal mechanism and physiology (Schierenbeck, 1992) .
Consequently, we employed starch gel electrophoresis to examine genetic diversity within and among populations of these two species. We then compared our data with those for other woody perennial angiosperms and invasive species with similar life history traits.
Materials and methods
Collection sites for this study were chosen in westcentral South Carolina and eastern Georgia ( 'Population' as used in this study is defined as a group of individuals separated from other groups of individuals by at least 20 km. This distance is thought to be sufficient to ensure extremely low levels of gene flow between populations through pollination (Handel, 1983; Johnsgard, 1983; Waddington, 1983) . We Cuttings from each individual were rooted with Rootone and cultivated in a greenhouse until sampled for electrophoresis.
Samples were prepared for electrophoresis by first grinding a small amount of mature leaf tissue in liquid nitrogen and extracting the enzymes in phosphate buffer (Soltis et al., 1983) . Electrophoresis was performed for all systems using 11 per cent Sigma starch. Both species were scored and analysed for 13 enzyme systems (see Table 1 japonica and L. sempervirens, respectively. In both species the number of independent banding zones as well as the banding patterns within each variable zone were largely consistent with expected enzyme substructure and compartmentalization. Thus, with one exception (see below) the banding patterns seen were consistent with diploid inheritance and were treated as such in our analyses. Because sample sizes were small, we concentrated on obtaining the maximum number of scorable loci to gain accurate estimates of genetic variability (Nei, 1978) .
Genetic diversity within each species was summarized using percentage polymorphic loci (P, (subscript s indicates species)), mean number of alleles per locus (A ) and per polymorphic locus (A lD) and mean gene diversity (Hes) per locus, as described by Hamrick & Godt (1989) . Equivalent statistics were calculated at the population level (P , A ,, and Hep (subscript p indicates populations) following Hedrick (1985) . The mean effective number of alleles per locus was calculated within populations (A ep) and species (A es) [A l/(p)]. HT is defined as total mean genetic diversity (Nei, 1973) . Within each population, each polymorphic locus was examined using Wright's fixation index (F15) for deviations from expected Hardy-Weinberg genotype frequencies (Wright, 1922; Li & Horvitz, 1953) . Genetic differentiation among populations was measured using a x2 analysis to test
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for heterogeneity in allele frequencies among populaResults tions (Workman & Niswander, 1970 ) and Nei's gene diversity statistics to assess the partitioning of total genThe resolution of 13 enzyme systems provided data for etic diversity within and among populations (Nei, the following loci: Aat-1(B), Aat-2(B), Dia-1(B), F16-1973, 1977) . Twenty of the 22 loci analysed for L. sempervirens were polymorphic. In this species, the mean numbers of alleles per locus and per polymorphic locus were 2.45 and 2.60, respectively. Total genetic diversity was 0.283 (Table 2) . Because there is no strict duplication of loci in an allopolyploid, most loci of L. sempervirens could be interpreted as diploid loci (loci expressed through only one homologous pair of chromosomes). However, Pgi-3 was a fixed heterozygote and for this analysis was treated as two monomorphic loci. Fixed heterozygotes arise through the pairing of two sets of homologous chromosomes in which a gene is homozygous for different alleles in each set and a hybrid genotype arises in the resulting allopolyploid (Roose & Gottlieb, 1976) . Furthermore, for many of the other enzyme systems, the two species had the same number of loci indicating that gene silencing may have occurred in L. sempervirens to reduce the number of functional loci (Weeden & Wendel, 1989) . Lonicera japonica had 75 per cent of its loci polymorphic, 2.28 alleles per polymorphic locus, 1.96 alleles per locus and total genetic diversity was 0.216 (Table 2 ).
Further differences in genetic diversity were also apparent within populations of these two species. Based on the x2 analysis, 12 of the 18 loci polymorphic for L. japonica had significant differences in allele frequencies among populations whereas 11 of 22 loci for L. sempervirens were significant (Table 3) .
Both species had high genetic identity indices (I) (Hedrick, 1985) Table 3 ). On a per locus basis, G5T
heterozygote deficiencies (mean F15 = 0.118, x 2.20;
values for L. japonica ranged from 0.0134 to 0.1682. P <0.10).
Thus, most of the variation (90 per cent) for L. Among-population variation was higher for L. japonica occurs within populations. For L. japonica, sempervirens (G5TO.l65) than for L. japonica DST and GST showed similar patterns for most loci.
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Lonicera sempervirens had GST values ranging from 0.0486 to 0.3 302 and most of the total variation (83 per cent) occurs within populations. The higher GST for L. sempervirens could be caused to some degree by the higher proportion of populations with sample sizes below 10 individuals. When those L. sempervirens populations with sample sizes > 10 were analysed the GST was 0.102, confirming that sample size per se did have some effect on the value of GST.
Discussion
Among the populations sampled in South Carolina and Georgia, L. sempervirens has higher genetic variability than L. japonica as measured by per cent polymorphic loci, mean number of alleles/locus and total genetic diversity. Values of per cent polymorphic loci (Ps) for both species are consistently higher than those for previously reported species of similar taxonomic status (dicots, P = 44.8), geographical range (widespread, = 58.9), mating system (outcrossing, via animals, P,=50), mode of reproduction (sexual, P,=51.6; sexual and asexual, P = 43.8), and habitat (mid-successional, P,=47.6) (Hamrick & Godt, 1989; Hamrick et al., 1992) .
Long-lived perennial species have a mean withinpopulation variation of 49.3 per cent polymorphic loci, 1.76 alleles per locus and a mean total genetic diversity of 0.148 (Hamrick et a!., 1992) ; all values are lower than for either L. japonica or L. sempervirens.
The proportions of total diversity among populations (GST) for L. japonica (0.092) and L. sempervirens (0.165) are comparable to the GST values found in other long-lived species (0.084) (Hamrick & Godt, 1989) ; however, the values for these Lonicera spp. may be affected partially by the small sample sizes (increasing GST), the comparatively small geographical area sampled (decreasing GST) and differences in pollination systems and distance of seed dispersal. Naturalized outbreeding species that maintain large populations are likely to have little differentiation (Brown & Marshall, 1981) . The levels of genetic variation among the L. japonica populations we sampled are consistent with the prediction that these are large outbreeding populations.
Although species and population levels of genetic variability in L. japonica are high, they may still reflect genetic sampling, immigration and subsequent persistence of a subset of the variation present in its home range. Even with the likelihood of multiple introductions of L. japonica (Mack, 1991) , the levels of variation found in the southeastern United States may be lower than variation in its native range because of founder effects. To our knowledge, there are no published studies on the allozyme variation in Asian populations of L. japonica.
An allopolyploid origin for L. sempervirens (Ammal & Saunders, 1952 ) is supported to some degree by the allozyme patterns we observed, chromosome pairing patterns observed during meiosis in squashes of immature anthers (K. A. Schierenbeck, personal observation) and higher levels of variation (Brown & Marshall, 1981) . Although Hamrick et a!., (1979) did not compare the levels of genetic variation observed in species with different ploidy levels, they did find that species with higher chromosome numbers had higher levels of genetic diversity. The distribution of L. sempervirens supports the hypothesis that a higher genetic variability in polyploids can result in a more widespread distribution than their native diploid congeners (Stebbins, 1971) .
In another perennial species that has escaped from cultivation, Lathyrus latifolius, the mean genetic diversity is 0.207, 81 per cent of the loci are polymorphic and the mean number of alleles per polymorphic locus is 2.29 (Godt & Hamrick, 1991) . These values are high compared with those for other plant species (Hamrick & Godt, 1989) and with values for other naturalized species with similar life history traits. Low levels of allozyme diversity are often found within weedy species but many of these are annual grasses and dicots that reproduce primarily by self-fertilization (Brown & Marshall, 1981; Warwick, 1990) . Hamrick et al. (1979) found that weedy and early successional species are less variable than species of mid-and late-successional stages. However, many of the weedy species in their review were selfing annuals and may not be directly comparable to long-lived outcrossing species such as these two Lonicera species.
Reviews of the allozyme literature have found that among 196 long-lived woody species for which genetic variation has been measured, only nine are for invasive angiosperms (Hamrick et al., 1979 (Hamrick et al., , 1992 . All nine records report genetic variation in the species' home range. In these studies, all except one species (Acacia dealbata, for which data were collected from only one population) show higher levels of variation than expected for species with similar life history traits (Table 4) . It should also be noted that all of these species except Eucalyptus obliqua are nitrogen fixers, a trait that is associated with the ability to invade new ranges rapidly (Vitousek, 1986) . Rapid invasion through only a few introduction events may result in lower levels of genetic variability in the new range, but we lack historical confirmation of this scenario for L. japonica. Although most species with broad distributions have higher levels of genetic variability (Hamrick & Godt, 1989) , we found levels of polymorphism for these two Lonicera species that are higher than expected for invasive species in general. We are unaware of any other studies of the genetic diversity of introduced perennial woody species in their new ranges. Consequently, comparisons remain tenuous. Life history characteristics that are associated with high genetic variability are also traits characteristic of many invasive woody perennials. High levels of genetic variability may allow species to invade diverse habitats, but quantitative growth characters might provide the adaptations necessary for the invasive species to outcompete native species (Sasek & Strain, 1991; Schierenbeck, 1992) . The identification of a particular combination of characteristics important to the success of an individual in any environment is best achieved through comparative studies of species with similar life history categories. Lonicera contains both aggressive alien and nonaggressive native woody species in North America. For example, L. maackii and L. tartarica are widespread alien weeds whereas L. dioica and L. flava are referred to as rare natives (Radford et a!., 1968) . Further investigation of native and nonindigenous species in this genus may elucidate differences that will help to explain their differential ability as invaders.
Patterns among the genetic characteristics of invasive species are gradually emerging, but certainly more information is needed. Consistent patterns among the genetic attributes of invaders may cease to be elusive if the examination of genetic variability is correlated with life history traits. Such correlations may eventually allow us to understand the relative importance of genetic variability in relation to other characteristics in the invasion process.
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